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PROGRESS REPORT

Summary Statement:

During the past nine (9) months we have continued 'our studies along the following

lines:

1.

1.

Further development of techniques for and the instrumentation of dogs and

- other animals including primates in a manner compatible with the long term .

survival (300 +days) and periodic study (biweekly) of cardiac dynamics in
these conscious and healthy instrumented animals.

Studies on the effect of temporary application (1-15 mins.) of lower body
negative pressure (LBNP_40) of between -30 and -50 mm Hg. on cardiac
dynamics.

Continued studies on the effect of infusing selected drugs on ventricular
performance. An effort was made to determine the "validity" of ventricular
function changes in conscious instrunented animals, such as:

A." The validity of using "pacing" of the left ventricle to secure the

data for construction of reliable ventricular function curves for
conscious instrumented dogs.

B. Evaluation of the reliability of various techniques for identifying
myocardial contractility changes.

(1) dP/dt/developed ‘LVP.
(2)  Shifts in ventricular function curves,
(3) Changes in mean VCF'.

(4) Chcnges in the end—systohc volume/end-systolic pressure
relation,

C. Defining the "typical" effect of constant infusions of norepinephrine,
isoproterenol, angiotensin |I, methoxamine, phenylephrine on cardiac
dynamics in conscious instrumented dogs.

/



v,

VI,

Vit.

Further aevélopmeni’ of a computer based data acquisition and reduction system.

A. Programs for cardiac cycle definition, calculation of derived variables,
and techniques for data reduction involving large samples (4 mins.)
containing 200 or more consecutive cardiac cycles. : '

Continued development of a totally implantable package of biosensors for the

_semicontinuous telemetering of the primary variables, left ventricular pressure,

aortic pressure, left ventricular internal diameter, and the left ventricular
electrogram. . This system is designed to permit studies in conscious primates - -
(chimpanzees).

Initiated studies on the effects of right and left atrial stretch receptor -
stimulation on myocardial function and renal function in conscious instru-
mented dogs.

‘Initiated a systematic study to evaluate the validity of the use of certain -

popularized non~invasive techniques for evaluating ventricular function by

- correlating these indices with the hemodynamic information that is derived

from the simultaneously monitored primary variables in conscious instrumented
dogs. _ ‘ ' ' :
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I. Further Development of Téchniques for and the Instrumentation of Dogs and Other
Animals in a Manner Compatible with the Long Term Survival (300 +days) and
Periodic Study (biweekly) of Cardiac Dynamics.

Figure 2 shows a diagram of our usual instrumentation. Table 1 summarizes control
data for dogs of this type, taken an average of 101 days after instrumentation. The
techniques for instrumenting dogs in this way have been described in the main body of
our grant application and published articles. (See section on Publications)

In this area we have concentrated our attack during the past year on monitoring
simultaneously the instantaneous. changes in ascending aortic flow, left ventricular
pressure, aortic pressure, left ventiricular internal diameter, left ventricular aorta to
apex length, the left atrio-ventricular electrogram, and dP/dt that occur in conscious
instrumented dogs throughout each of a series of consecutive cardiac cycles (usually
200 or more). Figure 1 shows a typical analog record of three consecutive cardiac
cycles recorded from one such instrumented dog (¥ 162). This is a portion of a record
made from this dog sixty-five (65) days after surgery for instrumentation.

The main purposes of these studies stemmed from the needs; (1) for more precise

" information concemning the limits and constraints in the use:of a single dimensional
measurement, specifically 1eft ventricular internal diameter (LVID), for estimating
the moment to moment changes in internal volume of the left ventricle, (2) to com~
pare the values for stroke volume obtained using an electromagnetic flowmeter to
those calculated from dimensional measurements, (3) to define the changes occuring
in the axis ratio left ventricular length (LVL) divided by LVID (LVL/LVID) through-
out the cardiac cycle in a number of instrumented conscious dogs both during control
periods and under a variety of experimental conditions.

Figure 3 shows a calibrated plot of the dimensional changes - axis ratio (L/ D),
LVL, LVID, calculated internal volume - along with the changes occuring in aortic -
and ventricular pressures, and ascending aortic flow for the periods of atrial con-
traction (AC), isovolumic contraction (IVC), ejection, and rapid fllhng for a single
cardiac cycle recorded from an msfrumenfed dog.

- The data'in figure 4 was calculofed from recordings made on dog #162 of the type
shown in figure 1. The relation between the changes in length and changes in intemal
diameter shown in this data (figs. 3 and 4) are characteristic of our findings. We
have data on hundreds of cardiac cycles taken from each of six (6) dogs where length
was recorded as shown in figure 1. The data is being collected during control periods
and during periods of infusion of various drugs, increasing heart rate by pacing, and
rapid infusions of dextran. Thus far it appears that these interventions do not affect
fhe pattern of change in L/D (fig. 4) during ejection.



The relation of change in ventricular length to change in intemal diameter during
ejection for a single cycle is shown in the lower half of figure 4. When this relation
was plotted for each of a large number of (100 +) cardiac cycles in this dog, the average
slope of the regression line for the data was found to be 0.4 + 0,014 (S5.D.) showing
that this slope remained extremely constant. Likewise the slope was not changed by a
variety of interventions such as infusions of norepinephrine, isoproterenol, and
angiotensin |l or pacing the ventricle. The slope of this relation was found to
be the same for all the dogs studied so far. These data suggest that the changes in
left ventricular length occurring during ejection in healthy conscious dogs are
predictable from a knowledge of the simultaneous changes occurring in left ventri=-
cular diameter. Although measurements of both LVL and LVID simultaneously is. the
desired means of utilizing dimensional methods for estimating left ventricular volume
changes from moment to moment, the extrapolation of volume changes from measure-
ments of internal diameter alone seems to be feasible, if changes in the length
dimension are small and can be predicted from diameter changes during ejection.

We feel that this is an important observation especially since the use of sonar-
micrometry has become a popular non-invasive technique for eshmafmg ventnculcr
dimensional and volume changes in man.

We are currently still aralyzing this data and evaluating the implications to be
derived from them.

We have compared the values for stroke volume derived from aortic flow measure=-
ment (electromagnetic flow meter) to the stroke volume calculated from the simul-
taneously monitored dimensional changes (LVL + LVID) for the same cardiac cycle.
With the aid of the computer and a specially developed data reduction program we
are able to make these calculations for large numbers of consecutive cardiac cycles
while recording from each instrumented animal. There is a good correlation between
the values for stroke volume calculated by the two methods. This data is now being

~ collated and summarized. OQur results in this regard are in agreement with those of
Mitchell and Associates, Bishop and Associates and MacDonald.
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Il, Studies on the Effect of Temporary Application (1-15 mins) of Lower Body Negative
Pressure (LBNP_g0) of Between =30 and -50 mm Hg. on Cardiac Dynamics.

The cardiovascular adjustments to LBNP have been previously studied in humans and |
. anesthetized dogs. However, no studies have been carried out in conscious animals.

Recently Nutter, Hurst, and Murray (J. Appl. Physiol. 26: 23, 1969) studied the changes - o

in left ventricular function in intact anesthetized dogs during graded hypovolemia
produced by exposure to =30, -60, <90 mm Hg. lower body negative pressure. They .
observed, in twelve (12) dogs, a linear decrease in left ventricular pressure, max
dP/dt, ejection fraction, aortic flow, peak power and stroke work. Of interest was

 their finding that myocardial contractility, as measured by max dP/dt/isovolumic
pressure and max dF/dt to péak flow, was not altered by moderate hypovolemia, We

“were interested in studying the effects of LBNP in conscious instrumented dogs with the
objective of characterizing the responses to LBNP in conscious animals so that it maybe
used as a calibrated forcing function on the cardiovascular system; and also to study -
the effect of various pressor, inotropic and blocklng agents on the response of the cardio-
vascular system to lower body negative pressure.

Five (5) conscious instrumented dogs were subjected to moderate levels (-40 to =50 -

mm Hg) of lower body negative pressure. A specially constructed lower body negative
pressure chamber was made from thick-walled plexiglass and a steel frame. This
chamber is capable of withstanding pressures of at least <90 mm Hg. The chamber is

~ fitted with an iris type gum rubber seal. An exhaust is provided at the side which is -
connected fo one or two commercial type vacuum cleaners. An outlet is provided
which allows for the measurement of pressures in the chamber when the animal is
subjected to lower body negative pressure. The hind quarters of the dog are placed
in the box and sealed at the mid-abdominal level when it was desired to expose the
animal to LBNP. -

Conscious dogs were submitted to LBNP (-40 mm Hg) before and after (]) befa
recepl'or blockcde with propranolol (2) mild sedahon with Inovar*®,

' The cardiovascular responses to moderafe LBNP in conscious dogs has been found

to be variable. Figure 5 shows a recording of the response from dog #151 without
- sedation. Upon application of LBNP (-45 mm Hg) there is a marked reduction in left -~

ventricular end-diastolic and end-systolic size, a reduction in effective end-diastolic
pressure and systolic LV pressure, an initial decrease in aortic systolic and diastolic
pressure, an increase in max dP/dt and o marked increase in heart rate. The main-
tanance of an elevated max dP/dt and gradual return of heart size and aortic pressure
is also seen. Analysis of the data for four (4) additional animals is shown in figures
6 through 9 and tables 2 = 5, |t can be seen from these data that in all cases there.
was a reduction in end-diastolic and end~systolic and stroke volumes. The amount
of change varied from animal to animal.

*Pitman-Moore, Washington Crossing, New Jersey
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The changes in total peripheral resistance (TPR) can be seen in figures 6 through
9. The increase in TPR varies from 4% to 38%. Cardiac output was decreased in all
animals by 18 to 30% except in one animal, dog #151 where there was an increase
in C.O, by 13%. In the studies, changes in myocardial contractility were estimated
from dP/dt with relation to a given developed pressure during the phase of isovolumic
contraction (dP/dt/Pp) and the mean velocity of circumferential fiber shortening
(XVF) during the phase of ejection. Both of the indices usually show variable
increases during the responses to LBNP. Again the changes in heart rate though
markedly increased in dog #151 show the same degree of variability from animal
to animal in response to LBNP, '

~ Beta receptor blockade was obtained in each animal through administration of

~ enough propranolol (usually 0.5 mg/Kg body wt., 1.V.) to block the observed
response to standard doses of isoproterenol (usually 10ug) in a single injection.

~ Figures 6, 7, and 10B show the cardiovascular effects of beta-adrenergic blockade

in the conscious dog. There is an increase in TPR, and generally an increase in

. left ventricular end-diastolic size and end systolic size, a decrease in heart rate

and no significant changes in myocardial contractility was measured.

The dynamic recording of the response after beta adrenergic blockade is shown
in figure 8. There is a uniform decrease in left ventricular end-diastolic and »nd~
systolic volume, a'slight decrease in aortic pressure and no change in heart rate,
in addition, there is no change in myocardial contractility. However after
propranolol most dogs demonstrated an elevation of total peripheral resistance,
with a reduction in the ejected fraction and reduction in stroke work at the same
level of LBNP as that for the control period.

These preliminary observationswould lead to the conclusion that the cardio=-
vascular responses seen to lower body negative pressure appear to be dependent
on the level of understanding of autononic nervous activity. For in the conscious
dog varied responses were obtained; while in the dog under mild sedation or beta
receptor blockade the responses were relatively uniform and similar to those
reported for the anesthetized animals. Further studies are bemg conducfed to
further undersfcmd the responses reported here.

-11-
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TABLE 2

Effect of LBNP on Cardiac Function Before and After Propranolol - Dog # 151

B TPR

- _ Control ] __After Propranolol
Variable Control (Cy) LBNP: Control (C») LBNP I
N=157 N=188 %Cy | N=74 % C1 |N= 58 %C2 |
2.4 | 2.6 :.8 26 | 8 3.9 | 50
MAP 12848 | 45410 | 13| 19413 | 9 | 13749 | -1
EDV 65 +3 L6246 -5 | 7044 | 8 | 66+5 | -6
ESV | 2442 23+3 -4 | 2843 | 17 | 30+2 | ¥
Y 4143 3945 - | -5 | 4243 2 | 3645  |-14
EJF 6343 6344 0| 3 | -6 5545 | -7
c.o. 3.9 4.4 +13 3.9 | o 2.7 |-31
LVEDP 8+3 0.1+5 | =99 | 1243 | 50 | 3.0+6 |75
HR 99 +16 121428 | 22 | 96+12 | 3 | 82424 |-15
EJT 17145 152 +9 -1 | 172+4 | 0.6 | 170+8 | -1
dP/dt/Ppy 79 +9 108+21. 37 | 74+9 | -6 64+9 | -14
1DP/dt 2975+75 38554532 | 30 | 2753+159 | -7 |24924213 | -10
W 83+7 88+ 14 6| 8+7 | v | 79412 |-1
VCF 1.7 40,1 2.040.2 | 18 | 1.6+0.1| -6 | 1.5+0.1| -6 .

=17~



TABLE 3

" Effects of LBNP (-45mm Hg) on Cardiac Function = Dog# 155 o

Variable Control LBNP LBNP after Propranolol
- N=423 % Control | N=307 . | %Control
TPR 3.2 5.2 625 | 45 |  40.6
MAP 104 +12 126, | 212 | w475 | 418
EDV 63,747 - 139.8 -37.5 | 68.0 | 6.8 .
ESV 25,042 | 192 | -28.2 | 330 | 320 |
sV 38.6+7 20,6 | -46.6 35.0 | 9.3
EJF  60.3+5 1 48.8 -19.1 | 514 | -14.8
c.0. 2.5+ 2.2 -12.0 2.7 8.0
LVEDP 1.6+2 - -16.2 S =57 |

HR 81.3+436 - | 122, | +50.1 | 858 5.5
EJT 184.3% 140, 5 =24 | 178.0 -3.3
DP/dt/Pp 50410 67.3 +34 53.2 5.9
1DP/dt 1 1970+294 2577.0 1308 21.0 6.8
W 67.4+16 38.6 -42.7 77.0 | 142
XVCF 18.2+1.6 132 | -27.5 139 | -23.6
AVWFej 1735+248 1423.0 -18.0 2418.6 39.0

-18-
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Ill. Continued studies on the effect of infusing selected drugs on ventricular performance

[

An effort was made to determine the "validity" of ventricular funchon changes in
conscious msfrumenfed animals, such as:

A. The validity of using "pacing” of the left ventricle to secure the data for
consfruchon of relloble venfncular Funchon curves for conscious mstrumenfed
dogs. - -

B. Evaluation of the reliability of various: techmques for |denhfy|ng myocardxal
contractility changes. :

(1) 'dP/df/developed LVP.
(2) | Shifts in veﬁtricular function cUrvés.
~ (3) Changes in mean VCF.
(4) Changes in the end=systolic volume/end-systolfc pressure l;e‘lation.v
C. Defining the "typicdl" effect of constant infusions of norepinephrine, isopfo-

terenol, angiotensin ll, methoxamine, phenylephrine on cardiac dynamics
in conscious instrumented dogs.

A preliminary survey of the cardiac dynamic effects of single injections and constant
infusions of various concentrations of five well known drugs has been made. Summaries
of our general observations with examples of our initial data are presented below in
five (5) sections. These data are presented only to demonstrate the type of data
acquisition and the kind of information that can be secured from our instrumented dogs

" using the computer and one of the programs for data acqunsmon and reduction whlch

we are developmg.

The purposes of these studies are summarized in our "Summary Statement" above.
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_ Effect of single injection of norepinephrine (0.4 mgms/kg.)

A classical re'sponse.to a sirrgle infrovenous injection of'norepinepl'.\vrine info |
a coneC|ous msfrumenfed dog is seen in f’gure 10, This dog was in excellenf healfh
'ond was studied 60 doys after surgery for msfrumenfohon. Wlfh the aid of our
dlgrfol computer each cardiac cycle occurrmg in the interval mdrcafed in f‘gure 10..
was analyzed. . The dota plotfed in figurel1lwas taken dunng the recordmg showrr o
“in figure 1Q. In figurel1we have ploﬂed’ the changes occurring in the indicofed o
seleofed variables for‘ e.\./ery.other cardiac cycle starting with fh.e>'90.fh cardiac
cycle from the start of the computer sampling thru the 150th cycle. Asa resulf |
figure11 givesa proﬁl.e' of the pufrern of change that occurs in rhe key variables
indicative of cardiac and vascular performance in response to a single intravenous -
iniecﬁon of a commonly use‘d’dose of norepinephrine.
This plot (fig.11) sl'roWs _I'hor the norepinephrirre injection rapidly increosed '
| the mybcordiol contrdc’rﬂity index dP/dt/P, | as-Well as mean arferio['pressure.
" In uddmon, stroke work (SW), stroke power (SP), and stroke volume (SV) were
V-olso mcreased srmulfoneously. Tofol cycle lengfh (TCL) decreosed and become
consfonf from cycle to cycle mdlcahng the increase in heart rate. E|echon hme ‘
B (EJT) was slgnlf'contly decreosed whnle both the average wall force developed
within the left ventrlcle during ejection and the mean velocity of circumferential.

fiber shortening (mean VCF) increased,

23~



R

TER SAMPL & ey
FIG. # 10 )

nul COMP

J— e

LviD. (e '

-24-



_m .,

(WM S B dINT

3

«

3
. o™
¢#) TOA'A

© 80]

A

- -

 evemser d§ (W) 101 (WAS

._.w B

FIG. # 11 ’

- Gam) YW

~25-



The greater stroke volume produced was achieved as a result of a greater rate
of ejection, an increase in myocardial contractility, and more systolic emptying
of the left ventricle as well as an increase in total peripheral resistance. . These

were the primary causes for the significant increase in mean arterial pressure =

‘produced by the injection of norepinephrine.
" Figure 12 shows a typical recording during a constant infusion of norepinephrine. * R

' Norepinephrine‘ Infusions at Constant Rates

Figure 13 shows the cardiac and circulatofy effects of constant infusions of 0.25,

0.5, 1.0, 2,0 and 3.0 micrograms/kilograms/minute of norepinephri;'ne. At the

largest dose mean aortic pressure is increased 40% éboye the control level. This i§ .
a typical response. The major effects of norepinephrine infusion are two: First

there is an increase in fotal peripheral resistance at each dose level, which reaches
55% at an infusion raf; of 30ugms/kg/min. ; second the rate of rise _6f ’veﬁfr.iculm" -
pressure (mm Hg/sec) divided by the_developed_pressure_ éf 40 mm Hg (dP/dt/llvpyv

(40)) increases significantly with each increase in dose level up to a value of 85%

above control when the infusion rate is 3. Ougms/kg/min. This response isvclearly Car o
indicative of the potent effect of norepinephrine in causing peripheral arteriolar - |

‘constriction and increasing myocardial contractility. It is believed that the former ~

is due to the alpha stimulating effect of norepinephrine while the latter isdue ~. - " -
to beta receptor stimulating effect on ventricular myocardium, Norepinephrine

infustions at concentrations above 0.5.ugms/Kg/minute decreased left ventricular
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end-diastolic volume by 15 to 20% below control levels. This appears to be due
mainly to a decrease in venous retumn to the heart and is primarily a result of veno
constriction.

Little change is seen in heart rate, especially at infusion levels above 1.0 }

- wgm/Kg/minute. Because of this, and since stroke volume (not shown) is slightly =

decreased, cardiac output is below control value with infusions of norepinephrine- -~ -

concenﬁaﬁbns above 1.0augm/vK(g'/minute, |

The ability of the heart to maintain fﬁe elevated arterial pressu:;e .|eyé| in the .
pre.sence'of a significantly ‘increaséd TPR while‘vaf the same time operate froma - |
smaller end-diastolic volume is due primarﬂy to the increased myocardial ;:onf_:'ac-
tility. This view is supported not only by the significant ir.crease in dP/df/lQp (40) ‘
but ;js well by the fncrease_cl stroke work and stroke power which fhe- venfriclg
produces from.smaller, e_nd-diastolic volumes at infusion rates of 2,0 and 3.0. _
JUgms/Kg/minﬁfé.

Norepinephrine Infusions after Beta Recépi'or Blockade

~ The study of the effects of norépiriephri’ne infusions on the heart and cireulation

_is greatly enhanced By the use of selected blockade of alpha or beta receptors,

We have uséd only beta receptor blockade in these studies. Figure 14 shoWs; in

the same animal, the effects of constant infusion of no"re'pinephriné-af different
dose_levels after nearly complete beta receptor blockade. To accomplish the block
propanolol was given in a dose of 0.5 milligrams per kilogram of body weight;

which dose effectively blocked all effects of a single intravenous injection of
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isoproterenol (12 mgms/kg), the classic beta stimulating drug.

A comparison of the effects of infusions of norepinephrine aftér betc; blockade
(fig.--14) with those seen before (described above) will reveai ‘that fhe effecfs ',
, produc_edv by this drug are specifically a fuﬁcﬁon of its beta receptor stimulating
" activity. - . »

v,Effecfs on TPR

Total peripheral resiStdr;ée is incréased as much as 300% over 'cé-ntvrol levels

at 'no;'Aepi'nephrine rcfe‘s:v of 2.0~gms/Kg/minufe ﬁfté’r beta blockade (fig; 14), .
_This is to be compared v;/ifh‘ an increase in TPR of only.35°/o before‘block'adeA (fig. 13). | :
This ten fold difference is due mainly to the removal of the peripheral vasodilator |
effect of nore‘pinephriﬁé .before Betc ‘receptor blockdde. In ofher words in the
normal "unblocked" an‘imal norepinephrine.causes selective arféri’olar dilation in
some vascular beds and>consfricfion in others, con#équenfly the net effect is a

* lesser change in total ,per.iphe‘rall resistance after § given dose of norepinephrine than
fs the cése when fhe sortn.é dose is givén after beta blockade which réméves *he ]

vasodilator effect.

Effects on Myocardial Contractility -

An index of changes in myocardial contr&éltilfty can be obtained by. evdli_uufing ’
the shift in the ventricular function curve wi.fh;,,various interventions. Typ_icc_l ventri-
cular f;Jncfion curves are ghown in figure 15. This shows a plot of the relaﬁ‘onship.v
" between left ventricular end-diastolic volume (LVED) in milliliters (mlj and stroke

work (gm-m) in a conscious dog (dog #117). The open circles plot the stroke work-
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ventricular end=-diastolic volume relaﬁon for differénf end=diastolic volﬁrﬁes which -
were produced by "pacing” the ventricle at different rates during the cénfrol period -
where the dbg was sfanding quiéfly in a modified Pavlov stand. It is seen that fhe
‘|arger the LVEDV the greater wa§ fh‘e sfro‘ke work produced.

The I'l;iangle; represent similarly acquired points except that fhe dog was under
_ the influence of the effects of norepinephrine whfch was éo.nﬁnuousiy infused intra=
venously at a constant ra.fe of 0.5 rﬁicrograms/kiIogram/minufe. ‘Note that d-uring
this peridd a much gréatér’sfroke work was produced from a given LVEDV fhan:
was the case during the control period. - This "up\;vard shiff" in ﬂ\e "ventricular
~ function curve” (the LVEDV/SW relaﬁonship).gives a clear indication that myo=
cardial contractility was increased! That -is, when the heart was under the influence
of an increased myocardial norepinephrine concentration produced by infusing this
catecholamine, a greai'ér stroke work was produced \.Nhen the heart contracted from.
any given end-dfastol.ic volume than was preser!t from that same end-diasfolic-
volume dbring.the control period.

A similar type of change would be seen if sfroke power insfead'o-f stroke ‘work'
had .been plotted against end-d.iatstolic volumé. |
" There is one problemv with uSing this type of shift in the ventricular funé:fib_n
curve to identify the presence of a change in myocardial contractility; that is the
fact that we have no knowledge about the levels of the aortic pressure during the
periods studied. [t is well known that an increase in the mean corﬁcb pressure will

have a depressant effect on the amount of stroke work the heart will perform from a
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given end~diastolic volume. Thus other indices must .be used in addition to ﬂ;e |
function curves to permit a more reliable evaluation of shifts in myocardial con- |
tractility. [t appears that the use of dP/dt/4P (40) may be one such reasonably”v_
reliable 'indicﬁfor of chcngeb in hyodardial contractility. That is the rate of rise
of ventricular pressure up to some value of developed pre#sure.in the left ventricle,
o wf\ich latter occurs clearly before the aortic valves open, is probably a r‘eliable Ny
indicator of the vélocify of contractile element shortening within the venl’riculo;'
| m'yo;:ardium. Presumably} the fosten; this ve‘ociry of contractile element ;hoﬁéning
- during periods of assumed isometric contraction of the ventricle, the greater is the
myocardial ,conffa'ctility and vice versa.

Refuminé now to the effects on myocardial contractility produced by the nor~
epinephrine infusions, a quick comparison between the changes produced before '
(fig. 13) and after Befo blockade (fig. 14) reveals that beta receptor blockade -
completely breven'fed any increase in dP/dt/AP, whereas this variable was increased
as much as 75% aB;)yé control values when 2.0 m‘icrogrqms/Kg/r-nin.'of norepine-
phrine was infused before propranolol wa; given,

It can be observed qlsé that sﬂ'o,ke work and stroke power were decreased by .l;he '
norepinephrine infusions after beta blockade while sihilar infusiqns of l;iorepinéphrine
before propanolol increased stroke wérk and stroke power,

We learn from these observations first that norepinephrine increases myocardial
contractility and second that it produces the effect érimcrily by its beta receptor

stimulating effect, both of these observations are of course well known to you.
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Summary
Norepinephrine infusions are informative to us in understanding how alphu» and

beta receptor stimulation affects cardiac performance. This drug increases total

| peripheral resistance without increasing cardiac output, produces sufficient stroke’

power to eIeVafe the rﬁean ari"eridl pressure l‘ar.gely as a result of ifs‘abilify. to
increase myocardial confrachhfy and at the same time causes fhe heari’ to ope;afe

From a smaller end-dnclstolnc volume. The Iatter is produced by norepmephrme G
decreasing venous refurn to the heart, ;/vhlchnn furn. is due to venoconstnchon and

vasodilation in the skelefal muscle vessels.
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' Effect of Single Injection of Isoproterenol (0.4 4gms/kg)

The classical response to a single injection of this drug is shown in ﬁéure _]7... ‘
The injection was rﬁade in the same conscious instrumented dog shown in figure 2
‘and into which the injection of ﬁorepiriephrine was made that is sl;own.in ﬁgui‘e 10. o

This record sHow; the increase in heart rate and peak> dP/df that régﬁlarly .
fqllowé irii_ecﬁon; of isoproterenol. : Simultaneous with these ’c.|.1c~mges in hedrf |
rate and péak dP/dt both end diasfoliccmd end systolic left ventricular intemnal - |
diameter (LVID) .de'éreased as d.idv jeff_ ventricular end-diastolic pressure,

Figure 18 shows }he changes that occurred in selected variables that were
deri.ved for every other cardiac cyclevduri’ng' the period of computer sampling
(as indicated at the bottom of figure 17).

The chosen variables are fhg same as those followed during the single
ejection of all the other drugs studied. The response to the injection of fsoproferenol»
represen.ts the effect of a practically pure beta adrenergic receptor sfihulafion. |
Here (fig. 13) an increase in myocardial contractility is indicated by the rise
in dP/dt/P and the fall in ejection time (EJT), the rise in mean velocity of a
circumferential fiber shortening (mean Vc':F).. |

Typically isoprbterenoj decreased marl<éd|y both end-diastolic and end-sysfoli;:
ventricular volumes yet there was only a slight decrease in meanvc‘aortic pre;sdre.. -

Effect of Constant Infusions of Isoproterenol

The cardiac and vascular response to constant infusions of isoproterenol at
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do;é levels of 1.0, 2.0, 3.0 and 4.0 4gms/kg/min are shown in figu.re 19.

Isoproterenol has a powerful beta receptor sfimﬁlaﬂng action with almost no

action on alpha recepfors;_l As such, its main actions are on fhe'hearf.where it
| increases myocardial ;onfrﬁcﬁlify, on the skeletal muscble vasculatu;’e 'WHere it
causes vasodilation, and on the smooth muscles of the Broﬁchi and th‘e.g;:sfro-
intestinal tract which it relaxes.

It can be see.n fhru. stud‘y‘of figure 19 fhaf rﬁean aortic pressure Falig-to about . -
© 20% below control levels at all dose levels infused. The most striking évffecfs: -
are those of increasfng heart raf-e, cardia; ou}pur and dP/dt/AP (an indéx of
increased myocardial contractility).

- End-diasfqlic volume is decreased at all dose levels while at the same fimé
stroke power is signiﬁcantly elevated above control value. The;se obsequﬁons .
indicate a shift of the relatioﬁship between Ieff ventricular end-diasfol‘ic volume
and stroke power such  that the heart is producing more stroke power froma
significantly decreased end-diastolic volume where it isunder the infh;e_nce bf v
isoproterenol than was produced from the much larger end-diastolic volumes :
during fhevconi'rol periods. |

It is of great interest that stroke v;/onk is‘reduced.by the isoproterenol infﬁsions.
The major effect of i;c,oproterenol is to cause the heart to effecfiQely and signiﬁ; -
cantly increase its cardiac output, and stroke power while §peraﬁng from c’ smaller
end~diastolic vo|uﬁ1e and at the same time redu;::e its stroke work, fhus a
significant improvement in cardiac performance is achieved |drge|y as the result
of an increase in heart rate and myocardial contractility without a drastic drop

in mean arterial pressure.
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Effect of single injection of angiotensin 1l (0. 12 _«gms/Kg)

A typical analog recording of the changes occurring in oorfic pressure -
(AP), left ventricular pressure (LVP), left ventricular mfemol diameter (LVID) -
and the leff ventncular electrogram (LVEG) in response to a single intravenous |
iniecfion of 0.12 4gm/kg into a conscious instrumented dog is shown in figure 20. .
Figure 21 shows the plof of the voriobles, tHe maximum rate of rise of left ventri-
culor pressure at a developed ventricular pressure of 40 mm Hg (dP/df/ﬂP(4o)),
stroke power (SP), total cycle length (TCL), stroke volume (SV), mean aortic |
pressure (MAP),. sfroke work (SW), left ventricular end~diastolic pressure (LNEDP), _ |
left ventriculor' volume (LV Vol) where tBe open circles represent end-diostolic
\)olume and the closed circles represent end—sysfolic volume, ejection time (EJT),
average Wall force during ejection (AWF), and mean velocity of circumfereﬁﬁal :
fiber ;Hortening (meon VCF). Each point represents in sequence every other
cardiac cycle starting with the 70th cardiac cycle analyzed by the digital com-
puter. The sampling perioo is shown at the bottom of figure 15. | |

Thus figure 21 displays the .voriobles listed above for every other cardiac
cycle occurring in figure 20. during the period of the computer sampling.

- The angiotensin [{ iniecﬁon caused an increase in mean aortic pressure that |
was unaccompanied by a change in myocardial contractility since neither dP/dt/P.

nor stroke work nor left ventricular end-diastolic volume changed significantly,



Also ejection time was not reduced by the injection of angiofen;sin i.

Stroke power was increased suggesting that the left ventricle wos.able to
generate more stroke power from a given end-diastolic volume as a result of
the angiotensin iniecfion;v

It appears that this Sing‘e injection of angiotensin Il had its primary effe»cf. ‘
thru increasing total per.ipheral vresisfcmc.e with little or no effect on myoqardfol

contractility.
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Effect of constant infusions of angiotensin Il

The typical effect of constant infusion of cmgiofensin it on cér&iac function
- when given to a conscious dog at dose levels of 0.2, 0.4, 0.6, and 0.8 /(gms/kg/
min. are shown in figure 22 where each increment in dose level anglofensm
increased further total peripheral resistance and aortic pressuré. Left vénfricular
| end-diastolic volume w;:_s increased and as a result both stroke work and stroke
power were also elevated; dP/dt/P was not changed indic.afi.ng no change in- -
myocardial contractility. |

We ma} conclude from the observations ﬂ"\gf with angiotensin 11 infusion
~ in conscious animals ;:rterial pressure is elevated primarily by virtue of its efféct
_in constricting the peripheral arterioles and thus increasing total peripheral
resistance. The reduced cardiac output is produced primarily as a result of theA
decrease in heart rate which is reflexly produ‘ced as a consequence of‘ the elevated
arterial pressure aétivdfing the rﬁechanorecepfors in the walls oI;' the dbrﬁc arch™
and carotid sinuse§° ' TFe incu;eases in sfréke work and stroke power apparently -
are brought about through the .operafion of Starling's Law since these incr}eqses
_ pdra"el the increases in end-dias;tolic voiume which accompanied each increase

in dose level of angiotensin 1l that was infused.

B3

-48-



~ ANGIOTENSIN Il

4407

- % Change

02 04 0
ug/kg/min -

FIG. # 22 ’

-49-



 PHENYLEPHRINE

Section 1V

-50-




Effect of Constant Infusions of Phenylephrine

The study of the effects of infusions of ghenylephrine at diffel;enf dose levels

- allow for the analysis of the cardiovascular respdnse to a practically pure dlphq :
receptor stimulating subsfancé. and is to be confrﬁsted to the effects o.F infusions

- of isoproterenol, a practically pure beta receptor stimulating substance. Again
the chosen variables for-study are the same as those discussed for all the previous -
‘ doés.. | o :

Figure 23 'shows the response to infusions of 60, 80, and 100 ,t(gms/kilogrc.m/
minﬁfe of phenylephrine, in terms offhe percent change from the control level for
each variable. |

- At the infusion rate of lOO/(gms/Kg/min a significant increase in total
peripheral resistance (TPR) was produced and this is the expected effect of
peripheral arteriolar constriction due to alpha reéeptor sfimuloﬁon.i Of. vparﬁcular
importance is the qbservaf'ion that little or no change occurred in end;-diasfolic
volume, stroke work, stroke .power or dP/dt/P with infusions at any of the three
dose levels. This shows that the rise in aortic pressure was primarily the result |
of arferiolar constriction and no change was produced by the drug in myocardial
contractility. Heart rate was redgced at the highest dose.level and as a result
so was cardiac output. The reduction in heart rate was largely due to elevation
in cortic pressure, which reflexly, via the aortic and carotid sinus mechano-
receptor reflex mechanisms, caused an increase in.vclgul impulses to the heart,

This response of the heart and circul‘ction to phenylephrine administration

resembles quite closely the effect of norepinephrine administration in animals
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who have their beta receptors blocked by use of propranolol or some other

"beta blocking agent”.



'GLUCAGON

Section V




| Glucagon: A potentially useful agent in cardiac therapy | .

Glucagon is a polypeptide hormone produced primarily by the alpha cells
of the pancreas. It's primdry physiologic role appears to be to prdmote hepatic
glycogeﬁolysis'and increase blood glucose levels, These effects are just the
opposite of the effects of insulin,

Glucagon has been shown fo éxerf 'signific}i-ht effects upon the cardiovascular
system. These effects al:e mediated through glucagon's abilify to increase cyclic |
adenosine monophosphate through activation of the enzyme adenyl cyclase.

Some of these effects on the cuﬂiovascular system are described below,

Experimental Observations

- Table 1 shows the effect of glucagon on ventricular rate (VR), and cardiac -
output (CO), and mean arterial pressure (MAP) during sinus rhythm and during
atrial fibrillation. In both conditions the heart rate and CO are clearly increased

while the MAP is not significantly changed,

TABLE 1

Status | N Vent Rate* - TCL CO  MAP

' (beats/min) (m sec) (L/min)  (mm Hg)
" Sinus Rhythm 242 - 66 +17 995 +321 1.6 12 +10

Sinus Rhythm after

Glucagon 50 _ - ’ _

microgram/kg : 34 93 +22 680 + 146 . 2.8 101 +6
 Atrial Fibrillation 280 188 +32 831 +450 1.9 105 + 11

(Spontaneous)** - - : -

Atrial Fibrillation

(Spontaneous) after

Glucagon 50 .

microgram/kg 44 325+31 187 +20 2.1 110 +10

* = Values are mean + SD ' Dog # 132

** = After cessation of atrial pacing @ 20 Hz.
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The effects of glucagon on ventricular rate- (VR), end-dic;sfolic voll;sme (EDV),
stroke work (SW), tension .ﬁme index .(TTl); and ejection fraction is shéwn in table 2
both during sinus rhythm (SR), and atrial fibrﬂlaﬁon (A, Fib;), It can be seen that
gluccl.gon"(S-O micrograms per kilogran) results in q.signiﬁcanf increase in. vénfricular

rate and stroke work without a significant chcrige in EDV.,

TABLE' 2
' Vent. Rate* EDV SW Tl Ejected
Status beats/min. (ml) (gm-m)  (per min)  fraction (%)
Sinus Rhythm - 66 +17 52 +2 35+3 17177 50 +1
Sinus Rhythm
. After Glucagon 50 | ‘ . _
microgm/Kg 93 +22 51 +2 44 +4 1632~ 57 +2
Atrial Fibrillation | 88 +32 5143 31+6 1971 5147
Atrial Fibrillation |
After Glucagon o ' ‘ _
* (50 microgm/Kg) - 325 +31 25+6 18 +11 2964  21+23

* values are mean + SD

The effect of glucagon in increasing myocardial contractility iﬁ the awake
conscious dog is shown in table 3. The effect of"cm intravenous bolus i;niection of
glucagon was manifesf in 30 seconds and reached a makimum in 1 or 2 minutes ;:nd
lasted for 10~15 minﬁtes. An increase in dp/dt, dﬁ/de oQér developed pre;ssdre and -
mean velocity of circumferential fiber shortening was noted. This clearly indicates

that myocardial contractility was increased.
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Effect During Sponfdneous Atrial Fibrillation

Table 4 shows the effect of various drugs on the ventricular response in atrial
fibrillation compared to glucagon.

Thereis a slight slowing after ouabain and a slight increase in rate after nore-
pinephrine. Cardiac sympathetic blockade with atropine and pr-obpbaanolol resulted
in an inérease in ventricular rate to 190 beats per minute from a control of 97.

A» The administruﬁon of iglucagon resulted in a dramatic rate increase to 340 beats

per minute,

TABLE 4 |
- . Aver, total cycle  Aver. ventricular .
Status : length (msec) rate/min
Control | 602 , 97
Ovuabain ‘ : ,
20 gm/kg - 646 93
Nor~epinephrine |
1.5 gms/kg/min - 522 115
Afropine + Propanolol .
(2mgms) - (12 mgms) 316 190
Glucagon A -
50 gm/kg ' ‘ 176 340

Conclusion

Glucagon |;esu|fs in significant enhancement in ventricular performance. This
has prerd useful in the treatment of cardiac failure especially when induced by
propanolol since'glucogo_n effects are not blocked by pfopano|o|. HoWever, the
dﬁfc in dogs suggest that the administration of glucagon during atrial fibri”{ctig)n may

be hazardous,
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IV. Further Development of Data Acquisition and Reduction Techniques with the
~ Aid of a Small Dedicated Computer System,

The basic format and approaches we used in developing this system are described
in our grant application in a section titled "A User Interactive Data Acquisition and
Reduction System for the Study of Cardiac Dynamics" ... In addition we have published
this information. (See pubhcahons section below). :

Certain unique feofures of the system have been developed during the past year.
These are:

'A. Development of the capocny‘ to take and analyze long semples (up to 4 mlnetes)
B. Developmeni' of programs to dnsplcy plots of data. | |
C. Development of programs which permit plots of:
1. Hisfogrems |
2, Serial autocorrelograms
3. Specfrai density plots
4. X-Yplots of any desired derived or primary variable against another

The capacity for analyzing up to four (4) minutes worth of data has been extremely
helpful. This capability permi'rs the investigator to request the A-D converter to
sample simultaneously up to six (6) simultaneous recorded analog signals. Ordinarily
we monitor dP/dt, aortic pressure, left ventricular pressure, left ventricular internal
diameter, left ventricular length and the ventricular-electrogram at either 2, 5, or

. 10 millisecond intervals for periods of from seven (7) seconds up to four (4) minutes

if a five (5) msec. sampling rate is used. This program then will identify all the
individual cardiac cycles in the sample and analyze each one producing a listing

of all the desired information. In addition it will provide the means and standard
deviations for each variable, Figure 24 shows a copy of one "printout" of this type.
In this case it can be seen that the means and S.D.'s for a sample consisting of

307 consecutive cardiac cycles is provided. This sample was taken while monitoring
the effecfs of LBNP (-40 mm Hg) on a conscious instrumented dog after beta blockade.

The remaining figures (25, 26 27,28)are samples of various computer generofed
plots. :
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Vv, Development of a Totally Implonfcble Telemetry Package

Development of primary objectives in this area have proceeded through the joint
efforts of Dr. Sandler and his group and our research group. A satisfactory design has
been. developed for these implantable biosensors and a contract has been made with -
Konigsberg Instrument Company to build these units for us. A recent manuscript
published by Dr. Sandler (Sandler, H., Stone, H. L., Fryer, T. B. and Westbrook,
~R. M.: Use of Implantable Telemetry Systems for Study of Cardiovascular Phenomena.
Circulation Research Suppl. I, 30-31: [I-85, 1972) describes the basic system
we hope to employ. Oursysfem will have clddmonally an inductance micrometry channel
to pemit the recording of changes in left ventricular internal diameter, Test models
of our telemetry units are still on the workbench, and receiving dates have been
pushed back; we are hopeful that by late November they will have been received.

Our intent is to test these systems in dogs in the late fall of this year and by early
spring 1973 to implant and test these Blorelemefry Packs in chlmpanzees. :
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